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Abstract 
A smart factory refers to a hyper-connected network-based integrated manufacturing system. It acquires all information on 
manufacturing facilities in real time through the Internet, autonomously changes a manufacturing method, replaces raw 
materials and ultimately implements an optimized dynamic production system. The realization of top three integrations 
(integration of production system, integration of product life cycle, integration of inter-company value chain) is a key factor 
for the success of a hyper-connected smart factory. First, the capability of vertical integration represents the ability to realize 
the vertical integration of a production system (sensor-control-MES-ERP) and customized production and respond to 
traditional static production processes. Second, the capability of integrating product life cycle means the optimization of 
tailored production through complete information exchange after the enterprise integration of product life cycle. Lastly, 
horizontal integration refers to the capability of providing products and services on time through close inter-company 
collaboration after integrating inter-company value chain and information network. From this standpoint, this study proposes 
the success factors which are critical for the successful introduction of hyper-connected smart factory.  
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1. Introduction: The crisis of manufacturing industry and changes in production environment 
At present, the reality of South Korea’s manufacturing industry can be divided into four situations: First, price 
competition among domestic businesses has become fiercer while global demand for manufacturing industry is 
still stagnant since the financial crisis. In addition, aging working population and lack of innovation motives have 
weakened export competitiveness and decreased domestic consumption. Second, under these unfavorable 
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circumstances, Korean firms are pulling their manufacturing facilities from China and shifting them to Southeast 
Asia where labor costs are lower as labor costs in China rise. Third, even though the Republic of Korea is the 
world’s second highest with 28% in terms of the contribution of manufacturing industry to GDP, the country 
imports 97% of the energy needed for product production. Therefore, it appears that domestic firms wouldn’t be 
able to restore their competitiveness without taking care of energy problems such as reduction of energy costs 
through the improvement of manufacturing productivity. Lastly, making hyper-connected technology-based 
manufacturing facilities smart and intelligent and adding values and convergence of products and services would 
very critical right now. The low-cost, high-variety and flexible production through the spread of convergence 
between manufacturing industry and IT&SW/services/other industries and introduction of 3D printing and smart 
factory emerges as a new manufacturing paradigm. Under these circumstances, manufacturing advanced 
countries such as the U.S. and Germany has promoted the innovation of manufacturing industry through the 
hyper-connected technology-based Industry 4.0 to take care of current problems such as decrease in the 
percentage of manufacturing industry, decline in production population and drop in labor productivity. The 1st 
Industrial Revolution (Industry 1.0) (late 18th century) refers to the operation of machine-based production 
facilities through hydraulic/steam engine. The 2nd Industrial Revolution represents a mass production system 
(early 20th century) through the adoption of the production facilities powered by electricity. The 3rd Industrial 
Revolution states an expansion of automated production process fields (early 1970s) through the supply of 
electronic equipment and IT. Lastly, the 4th Industrial Revolution refers to a strategy designed to construct a 
communication system between production equipment and products based on hyper-connected technology and 
integrate the entire production processes. ACATECH, Apr. 2013) In conclusion, the final results are implemented 
in a form of connected smart factory (CSF) which applied ICT to industrial facilities such as factory.   
2. Concept of the CSF and Its Expected Effects 
The CSF is the result of the application of new paradigm titled ‘ICT-based smart (smart building, smart grid, 
etc.)’ to the factory where automatic production is enabled by machine through simulation (see Figure 1. Industry 
4.0 and CSF). In addition, the CSF builds a complete automatic production system through the Cyber Physical 
Production System (CPPS) and implements pre-qualification, real-time management and post analysis. 
 
Environment of Industry 4.0 Hyper-connected Smart Factory and CPPS 
 
 
Source:  Deloitte, 2014 Source: LGCNS.COM, 2016 
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Figure 1. Industry 4.0 and Connected Smart Factory 
 
With the launching of the CSF, South Korea is able to enhance the competitiveness of manufacturing industry 
such as response to high wage and aging population, construction of a high value-added production system and 
creation of high-quality job. It is expected that the CSF would create qualitative difference, not quantitative one, 
in comparison to the Industrial Revolution. The CSF has been promoted in 3D printer industries such as aerospace 
and national defense through the National Networked Manufacturing Innovation (NNMI) policy since the 
beginning of the Obama Administration. Germany has promoted the CSF as a part of the High-tech Strategy 
2020 Action Plan, which is the root of the Industry 4.0 in software & precision machine (e.g., SAP, Siemens), 
the Internet-based manufacturing business and services. In addition, Chinese and Japanese governments have led 
R&D for hyper-connected smart factory and fostered related industries through the ‘Made In China 2025 Plan’ 
and ‘Japan Is BACK’ respectively. In particular, the Chinese Ministry of Industry and Information Technology, 
a bureau of the Internet of Things (IoT) and smart factory, has promoted related industries such as the incubation 
of key industry, establishment of standard systems and sensing.   
Table 1. Effects of the Introduction of Hyper-connected Smart Factory 
Category Effects 
Value creation 
through new 
services  
ͬ  High value-added strategy for manufacturing industry through the automation and concentration of production 
facilities and their development into social machine  
ͬ  Securing differentiated factors and creation of new business opportunities through the convergence of conventional 
products and ICT-based services by escaping from simple product production and sales 
ͬ  Development of new services possible for sole proprietorship, small & mid-sized manufacturing businesses and 
startups  
Response to 
demographic 
changes in 
production sites 
ͬ  Two-way collaboration between human and technical system transforms a factory into a human-centered workplace  
ͬ  Simultaneous satisfaction of job persistence and productivity improvement by enabling diverse and flexible career 
management in the CSF to be prepared against a lack of labor and increase of diversity (e.g., age, gender, cultural 
background, etc.)  
Return of 
production 
facilities abroad 
to the Republic 
of Korea 
(Reshoring) 
ͬ  Return of manufacturing facilities abroad to home country (reshoring) in advanced countries such as the U.S. and 
Europe 
Ć In the U.S., for example, the cumulative number of reshoring manufacturers since 2010 reaches up to 25,000. In 
fact, 61% of overseas manufacturing businesses now consider reshoring (SERI, 2012).  
ͬ  Due to reshoring, labor costs have become less important. Considering diverse aspects such as technical security and 
accessibility, a degree of freedom to name production base has expanded. 
Reduction of 
energy 
consumption 
and increase in 
energy 
efficiency 
ͬ  Germany has reduced energy consumption by 24% through the adoption of the CSF (ETNEWS, 2014) 
ͬ  Maximization of product production ability while minimizing input costs such as labor and energy 
 Ć A key in the innovation of German industry which is famous for hyper-connected smart factory is ‘energy’: The 
quick production of a lot of products with little energy consumption is a key factor for competitiveness improvement. 
Flexible 
production 
ͬ  In terms of CPPS-based ad-hoc networking, it is able to set the diverse aspects of business processes such as quality, 
time, risk, solidness, price and environment-friendliness in dynamic fashion.  
ͬ  In addition, engineering process becomes faster, and manufacturing process can be improved. A temporary shortage 
(caused by supply issues) can be compensated, and large production is enabled within a short period of time.   
֍ As a result, the production which can met each consumer’s requirements can be enabled.  
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Quick and 
optimized 
decision making 
ͬ  In order for businesses to succeed in global market, it has become more important to make a right decision. In most 
cases, a critical decision should be made within a very short time frame. 
ͬ  The CPPS in the CSF provides the information of vendors and consumers in real time, making early approval on 
product development decision-making possible and enabling global optimization through flexible response to a supply 
network disturbance in production and continuous trimming (coordination for maintenance of optimum conditions) of 
raw materials and supply network in all business sites. 
 
3. Connection and Integration-Based Smart Factory  
3.1. (Integration of production facilities) Vertical integration of smart production system  
The CSF realizes customized production through the vertically integrated factory value chain (sensor ↔ PLC 
control ↔ SCADA ↔ MES ↔ ERP), using the CPPS and can substitute a dynamic production for the static 
production process. For this, the CSF has a smart sensor in all production facilities and promotes the monitoring 
and autonomous control of all processes through the comprehensive integration and connection of data. In 
addition, design, layout, order, plan, production and logistics can be adjusted by client and product through 
communication among smart sensor-based facilities. Furthermore, the 4M1E (Man, Machine, Material, Method 
and Energy) production resources data which vary moment by moment are collected in the production site, and 
a dynamic decision is made. Because of the vertical integration of a smart production system, all production 
processes in the CSF are recorded, and abnormal signs are automatically handled in advance. Then, order change, 
heterogeneous quality and facility fault are taken care of quickly. Moreover, the waste of materials and energy is 
monitored and prevented. In other words, resources and products are connected to each other through a network, 
and materials and parts are kept handy to be used anytime and anywhere.   
3.2. Enterprise integration throughout the product life cycle (internal integration)  
The CSF enables the integration of product value chain which includes client order, manufacture, delivery and 
after-sales services through the product life cycle (PLC) and integrated management of production facility value 
chain throughout the planning, assembly, maintenance and after-sales services. The production, logistics, after-
sales services, discovery of new demand and customized production by new demand are optimized through the 
perfect integration and connection of product information in the value chain by assigning identification number 
and sensor to a product from the product procurement and installation stages. Data are collected and analyzed in 
all product life cycle stages, and new products and services are designed and developed. Then, new and more 
flexible processes are analyzed and defined through the data collected in real time by the prototype modeling and 
production stages. This kind of engineering is conducted continuously during the manufacturing period. For 
example, a new product requires the dynamic reconfiguration of production facilities. The development and 
manufacture of new products through the production system reconfigured in dynamic fashion are integrated and 
interacted with the product life cycle. Then, synergy is created in the product development and production system. 
The CSF implements customized production through the factory value chain (sensor ↔ PLC control* ↔ 
SCADA** ↔ MES ↔ ERP) vertically integrated through the CPPS and can substitute a dynamic production 
system for static production process. Then, the CSF realizes 4-zero (zero-waiting time, zero-inventory, zero-
defect and zero-downtime) production.   
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3.3. Horizontal integration of inter-company value chain (inter-company integration) 
The connection and integration of inter-company value chain and information network evolve into the inter-
company integration of tangible and intangible resources, which enables the discovery of new businesses and 
real-time control of vendors through inter-company collaboration. In addition, horizontal integration between the 
client and partner based on an inter-company hyper-connected network creates an opportunity of new business 
and collaboration models. In addition, the creation of new products and services is enabled by integrating and 
innovating internal competency through the active acquisition of ideas, knowledge and technology among 
partners. The hyper-connected smart factory pursues typical long-tail manufacture in which small-scale services 
dominate the market. From the big businesses’ perspective, therefore, it is very critical to create diverse services 
through collaboration with small and mid-sized enterprises and venture businesses.  
 
3.4.  Hyper-connected technology-based support tools such as robot and AI (support tools) 
Recently, the implementation of the CSF through new convergence-based tools (device software) such as 
artificial intelligence, sensor, robot and 3D printing is getting closer to reality. First, IoT measuring sensor and 
nano-sensor can be utilized in production control for efficient quality management and used in the production of 
safe and easy-to-use, next-generation robots. Second, artificial intelligent software which has rapidly developed 
is used in i) the efficient design of path for unmanned vehicles in the factory or warehouse, ii) finding optimized 
logistics paths which can reduce time and costs on the supply chain and ii) analysis of big data to enhance 
production efficiency. In addition, it is used for developing new processes, deriving a plan to solve issues and 
improving human-machine collaboration. Third, a drone which freely flies in the air regardless of robotized 
production facilities, time of operation (day and night), geographical features and weather conditions, manages 
inventory in the warehouse and shifts spare parts is new technology which can be easily applied in future-oriented 
autonomous smart factory. Lastly, ‘3D printing’ can be expressed as typical technology which further accelerates 
hyper-connected smart factory and implements product flexibility. A 3D printer is able to perform complex 
production in faster fashion without additional costs and promises decrease in inventory and quick delivery. In 
addition, a new perfect business model can be developed through the combination of new production, inventory 
and distribution solutions. Furthermore, new production paradigms such as ‘sole proprietorship’ and batch size 
1’ are implemented.   
 
4. Conclusion: A innovation plan for the CSF 
The core success factors for the CSF include production system, inter-company value chain and connection 
& integration among human, things and services throughout the product life cycle. The policy considerations for 
the spread of the introduction of the CSF from the perspective of connection and integration include 
standardization of core technology, development of a reference model and establishment of industrial broadband 
infrastructure. First, the standardization of core technology aimed to strength the competitiveness of the CSF is 
needed. In addition, it is required to secure a dominant position in global market through technology development 
and standardization after collaboration between the government and private sector. Second, it is important to 
build architecture for the management of a complex information system. With the reference architecture in 
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business area and type, it is able to solve the problems (e.g., complexity, compatibility, etc.) caused by the 
introduction of new technology.  
 
 
Figure. 2. Smart Factory Reference Model for Small & Mid-sized Manufacturing Business (Source: Smart Factory Government R&D 
Projects, 2014) 
 
Third, it is necessary to build comprehensive broadband infrastructure for manufacturing industry. In other 
words, it is required to establish infrastructure in which more high-quality data can be exchanged for inner and 
inter-company connection and integration. Fourth, there is a necessity to distribute methodology and instructions 
& guidelines. It is required to develop and distribute the instructions & guidelines for smart factory, which help 
companies evolve into hyper-connected smart factories stage by stage. Lastly, it is most crucial to establish 
comprehensive promotion policies for hyper-connected smart factory. After all, it is urgent to develop 
‘Manufacturing Business Upgrade Strategy’ which reviews conventional manufacturing business-related policies 
to properly respond to the current trends of advanced manufacturing technologies.  
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